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REMARKS 

Claims 12-19, 24-39, 43-47, 50-59, and 62-63 are pending in the appUcation. Claims 12- 
19, 24-29, 40 and 43-45 have been withdrawn from further consideration- Claims 30-39, 46-47, 
and 50^59 have been exanodned on the merits. Support for the newly added claims 62 and 63 can 
be found at inter alia, page 12 in the Specification, Accordingly, no new matter has been 
inserted into the application. No new issue has been raised requiring further search or 
consideration. 

Rejection Un der 35 S 103fa) Over Hdlmann in view of Moon. LaPlantc, Hu ^062 

aj.S, Patent N o. 6,107.062^. and Gewirtz (Proc, NatL Acad. ScL 1996, v. 93, dp. 3161-3163^ 

Claims 22, 23, 30-39, 41, 42, and 46-61 have been rejected as being obvious over 
Helhnann in view of Moon, LaPlante, Hu '062 and Gewirtz. Applicants traverse this rejection. 
Reconsideration and withdrawal thereof are respectfully requested. 

Helhnann 

Helhnann discloses an Ml 3 molecule with a Tobacco Vein Mottling Virus (TVMV) 
insert sequence. Helhnann further discloses performing DNA:RNA hydridization assays with the 
Ml 3 molecule in a reticulocyte lysate cell-free translation system, the so called hybrid-arrested 

translation system. 

Hellmann fails to disclose or suggest mixing the Ml 3 molecule with a transfection 
effective composition contaming lipids such as cationic lipids or liposomes because Hellmann's 
assays with the Ml 3 molecule is conducted entirely in a cell-free system, and there is no 
disclosure or suggestion foimd m Helhnann to include any cell transfection reagent for 
introducing the M13 molecule into a eukaryotic celL 
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Moon 

Moon discloses a ribbon-type antisense oligonucleotide of about 120 nucleotides mixed 
with a traasfcction reagent. 
LaPlante 

LaPlante discloses transfecting a cell with cDNA that expresses mRNA encoding 
CHERP. 

Hu ^062 

Hu '062 discloses a cell-based system for inhibiting target gene expression in which the 
cells are translated with a double-stranded plasmid. 

Gewirtz 

Gewirtz discloses that lipid traosfection agents can be mixed with oligodeoxynucleotides 
andplasmidDNA. 

Distinctions of die present invention over the cited references 

Basic considerations which apply to obvioiisness rejections 

When applying 35 U.S.C. 103^ the following tenets of patent law must be adhered to: 

(A) The claimed invention must be considered as a whole; 

(B) The references must be considered as a whole and must suggest the desirability and 
thus the obviousness of makdi^ the combination; 

(C) The references must be viewed without the benefit of impermissible hindsight vision 
afforded by the claimed invention; and 
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(D) Reasonable expectation of success is the standard with which obviousness is 
determined. Hodosh v. Block Drug Co., Inc., 786 F.2d 1136, 1143 n,5, 229 USPQ 182, 187 n.5 
(Fed. Cir. 1986). (MPEP 2141). 

To establish a prima faci& case of obviousness^ three basic criteria must be met. First, 
there must be some sij^gestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings. Second, there must be a reasonable expectation of success. Finally, 
the prior art reference (or references when combined) must teach or suggest all the claim 
limitations. The teachii^ or suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art^. and not based on applicants 
disclosure. Jn ra Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991)- 

The initial burden is on the examiner to provide some suggestion of the desirability of 
doing what the inventor has done, "To support the conclusion that the claimed invention is 
directed to obvious subject matter, either the references must expressly or impliedly suggest the 
claimed invention or the examiner tnust present a convincing line of reasoning as to v»4iy the 
artisan would have found the claimed invention to have been obvious in light of the teachings of 
the refcT^oesr Ex parte Clapp, 227 USPQ 972, 973 (Bd. Pat. App. & Inter. 1985). MPEP 2142. 

Obviousness can only be established by combining or modifying the teachings of the 
prior art to produce the claimed invention where there is some teaching, suggestion, or 
motivation to do so found eiAcr explicitly or implicitly in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art. "The test for an implicit 
showing is what the combined teachings, knowledge of one of ordmary skill in the art, and the 
nature of the problem to be solved as a whole would have suggested to diose of ordinary skill in 
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the art." In re Kotzab, 217 F.3d 1365, 1370, 55 USPQ2d 1313, 1317 (Fed, Cir. 2000). See also Jn 
re Lee, 211 FJd 1338, 1342-44, 61 USPQ2d 1430, 1433-34 (Fed. Cir, 2002) (discussitjg the 
importance of relying on objective evidence and making specific factual findings with respect to 
the motivation to combine references); In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed, Cir- 
1988); In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992). MPEP 2143. 

In order to establidi prima facie obviousness of the invention over the cited references, 
there must be some suggestion or motivatioti, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify or combine reference 
teadiings. The Federal Circuit has produced a number of decisions overturning obviousness 
rejections due to a lack of suggestion in the prior art of the desirability of combining references, 
as discussed in the aforementioned section. In 4ie present situation, the Examiner has &iled to 
establish prima facie obviousness of the present invention over Hellmann, Moon, LaPlantc, Hu 
'062 and Gewirtz, 

HeUmann^s disclosure and the problem to be solved 

Hellmann discloses an M13 construct with a Tobacco Vein Mottling Virus insert 
sequence, which is xised to create DNA:RNA hybrid as used in an in vitro cell-free hybrid arrest 
assay. Hellmann is focused on developing an assay system to determine the origin of the 
polypeptide product encoded by the 5'- terminal region of the RNA of tibie potyvirus* Hellmann is 
further focused on precisely mapping the potyviral proteins and understanding the trazislational 
mechanisms by which they are produced. Hellmann states that single-stranded DNAs derived 
from plasmids containing approximately 95% of the sequences of TVMV RNA arrest the 
translation of specific portions of TVMV RNA and discovered that synthesis of P75 is initiated 
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near the 5' tenTiinus (paragraph bridging pages 23-24). To solve the problem of understanding 
the translational mechanisms of potyvirus, Hellmann chose to employ a cell-free translation 
system using single-stranded DNA fragments obtained from Ml 3, which contains the TVMV 
inserts because initial attempts to perform hybrid-arrested translation experiments using double- 
stranded recombinant plasmids were unsucces^jful due to rapid annealing of the DNA strands 
under the hybridization conditions use." (Page 25, paragraph bridging left and right columns). 

Hellmann*s research focus is on using a single-stranded DNA in cell-free hybrid arrested 
translation experiments because Hellmann is interested in the problem of solving the j 
translational machinery of potyvirus for which the cell-free system is a more helpful | 
experimental methodology than cell-based methodology. Accordingly, Hellmann fails to disclose 
or suggest transfecting any eukaiyotic cell and therefore fails to disclose or suggest mixing its 
Ml 3 molecule with a transfection agent. 

Hellmann is not combinable with Moon, LaPIante, Hu '062, or Gewirtz 

Applicants submit that the Hellmann reference and the Moon reference fail to be 
combioable with each other. The Moon reference discloses a composition that includes a 116- 
mer stem-loop DNA stmcture and a transfection effective carrier. Since Hellmann discloses only 
a cell-free system, with its own set of experimental challenges, there would be no reason for a 
person of ordinary skill in the art reviewing the Hellmann reference to consult the Moon 
refei^nce directed to gene expression within a cell. Cell-free (Hellmann) and cell-based (Moon) 
systems each present separate, unique challenges. A person of skill in the art contemplating 
carrying out a cell-free based expression studies according to Hellmann would not look to a cell- 
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based gene expression $y$tem such as disclosed in Moon for guidance. 77)ei:efore, the Helhnann 

and Moon references are not analogous art and are not combinable. 

Moreover, Moon states at page 4652, penultimate paragraph as follows: 

We used cationic liposomes to enhance the cellular uptake of RiAS 
oligos. From the experience of our own and other groups, a 
meaningful level of AS oligo uptake should be consistently 
obtainable when carried into cells by liposomes, regardless of the 
size of AS oligos (3 1 , 32). Therefore, the relatively large size or 
RiAS olipos should not pose a problem for efficient cellular uptake, 
(emphasis added) 

Moou suggests that the 1 16-mer oligonucleotide (RiAS) is relatively large, and that even 
this large an oligonucleotide should be able to be transfected into the cell. Moon considers 1 16- 
mer to be large. And yet makes no mention of the desirability or capability of liansfecting a large 
circular single-stranded nucleic acid that is at least 3,000 bases long into a mammalian cell Thus, 
it cannot be fairly said that the I I6-mcr transfection attained in Moon alone is suggesti ve of 
transfection effectiveness or desirability of a large ckcular singJe-stranded nucleic acid that is at 
least 3,000 bases long. Oligonucleotides, double stranded nucleic acids, linear nucleic acids, 
large circular single-stranded nucleic acids and so on are each biochemically, confoimationaUy 
and sterically unique. There is a level of unpredictability as to how they would behave and 
whether they would be useful inside of a cell. Therefore, since Moon does not disclose or suggest 
transfection appropriate to the large circular single-stranded nucleic acid of the claimed invention, 
Moon fails to be applicable to the presently clakned invention. 

LaPlante^s disclosure of a human CHERP gene cDNA cloned into a plasmid and 
producing mRNA does not provide any motivation to transfect a large circular single-stranded 
nucleic acid molecule into a mammalian cell as in the claimed invention. LaPlante essentially 
discloses two types of nucleic adds - plasmid DNA and Imear RNA. since LaPlante does not 
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disclose or suggest transfection appropriate to the large circular single-stranded nucleic acid of 
the claimed invention, LaPlante fails to be applicable to the presently claimed invetition. 
Furthermore, Hellmann and LaPlante are again not combinable as references because they are in 
non-analogous art of cell-free and cell -based assay systems. 

Applicants submit that the Hellmann reference and the Hu '062 patent fail, to be 
combinable with each other. Hu '062 is finnly focused on inhibiting target gene expression by 
the expression of exogenously introduced plasmid DNA that expresses antisense RNA. Hu 
'062's research field is limited to the realm of transfccting cells, assaying for gene expression 
within a cell background, and assaying for changes in cell morphology. The methods and 
techniques employed richly revolve around cell cultures and assays using live organisms^ which 
extend to therapeutics and treatment of disease, specifically AIDS* This is in stark contrast to the 
Hellmann reference, which is directed to a ccU-firec assay system that employs a singJe-stranded 
Ml 3 phage construct to determine the translational mechanism of the potyvirus. Hellmann fails 
to disclose any infonnalion regarding any cell-based type of system. And a person in the art of 
target gene inhibition by expression of antisense RNA would not look to a cell-firee assay system 
fiw guidance in solving its problems. 

Since the purposes for vAdch each reference uses either the single-stranded or double- 
stranded form, of either the phage or the plasmid vector are divergent^ a person of ordinary skill 
in tiie art reviewing the Hellmaim reference would not be motivated to consider using a plasmid 
DNA expressing antisense RNA to assist in solving Ihe hybridization problem discussed in the 
Hellmann reference. And vice versa, a person in the cell-based antisense therapy field would not 
be motivated to consider using a single-stranded M13 vector construct of Hellmann in solving its 
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therapeutic focus, as there is simply no motivation found in either reference to combine these 
references. 

The Gewirtz reference discloses transfecting oligonucleotides and double stranded 
plasmid DNA into mammalian cells by complexing these types of nucleic acids with a 
transfection effective carrier. Gewirtz is cxracemcd vvith better efficiency of oligonucleotides 
because this was the major focus of antiscnse research at the time, Transfection effective agents 
for nucleic acids were known in flie art at the time of the invention as exemplified by Gewirtz. It 
is noted however that Gewirts makes no mention expressly or impliedly that a large circular 
single-stranded nucleic acid as in the claimed invention may be transfected into eucaryotic cells. 
Furthermore, again as with the other cited references, the Gewirtz reference discloses a cell- 
based transfection oriented technology, which is not analogous to the cell-free system that 
Helhnann discloses. Therefore, these references fail to be combinable with each other. 

Hindsight reconstruction 

Applicants submit that the Examiner has cobbled together the cited five (5) references in 
an attempt to show obviousness of the claimed composition. The Examiner has cited these 
references with hindsight vision afforded by the claimed invention. Clearly, in order to establish 
obviousness of the claim«i composition, it is not enough to show that each of the separate 
ingredients are in existence, as the Examine has done. The Examiner must provide references 
that show the desirability and the motivation for combining the references to arrive at the 
claimed composition. All of the cited references fall short, of this simply because none of the 
cited references recognizes or appreciates that the effective usefiilness of transfecting these large 
circular single-stranded nucleic acid molecules into eucaryotic cells. 
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ftideed, Hellmann shows the opposite of the inventive concept because HeUmann shows a 
large circular single stranded nucleic acid molecule Aat is used in a cell-free system. Therefore, 
Helhnann certainly fails to provide any motivation to insert its nucleic acid into a eukaryotic cell, 
and ftirther, HeUmann is not applicable to the cell-based transfection system of the claimed 
invention. 

It must be appreciated that Applicants have at the time of the invention demonstrated for 
the first time that transfecting these large circular sitlgle-stranded nucleic acids into eukaiyotic 
cells xesuhed in useful and effective antisense effects, which was not recognized before in tbe art 
because the art at the time was focused on ix^ecting small oligonucleotides. No one had 
appreciated that a large circular single-stranded nucleic acid such as instantly claimed could be 
used to effect an antisense response. 

There is no motivation found in tbe cited references to make the claimed composition 

The Examiner's comments in the Office Action of July 13, 2005 have been noted- To 
summarize^ the Examiner asserts that because it is known in the art that a closed circular 
approximately 120 nucleotide sequence can be transfected into eucaryotic cells (Moon); a 
plasmid DNA can. be transfected into eucaryotic cells (LaPlante); a plasmid that expresses 
several target-specific antisense RNA can be transfected into eucaryotic cells (Hu); and generally, 
oligodeoxynucleotides and plasmid DNA can be mixed with lipid transfection agents (Gewirtz), 
it would have been obvious to mix the large circular single-stranded molecule disclosed in 
Helhnann witii a transfection reagent at the time of the invention. In addition, the Examiner 
believes that a person of ordinary skill m the antisense art would understand that the transfection 
effective agents are commonly used with antisense nucleic acids. In essence, the Examiner 
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believes that all nucleic acids have similar properties, and therefore, if a eucaryodc transfection 
agent can be mixed with some of these types of nucleic acids, then the transfection agents can be 
mixed witli the large circular single-stranded nucleic acid of the present invention as welL 

Applicants disagree with the Examiner^s analysis of the implications of the cited prior art 
and the reasons for the rejection. Applicants were the first to show that mixing the inventive 
large circular antisense nucleic acid molecule with a transfection effective reagent and 
transfecting the eucaryotic cell has the effect of ablating gene expression of the corresponding 
gene in the cell. Prior to Applicants^ demonstration of this effect, there was no suggestion in the 
prior art that a la^e circular single-stranded nucleic acid as in the claimed invention was 
desirable for transfection into a eucaryotic cell to achieve any purpose at all. While double- 
stranded plasmids and oligonucleotide nucleic acids were known to be transfected into 
eucaryotic cells to achieve either tiberapeutic or other gene expression purposes* there was no 
motivation to insert ^ large circular single-stranded nucleic acid as in the claimed invention into 
eucaryotic cells. 

The Examiner lumps all of the antisense molecules into one group and concludes that if 
some of these antisense molecules are known to be transfected into eucaryotic cells, then it 
would be obvious to mix the large circular antisense molecule of the present invention with a 
transfection agent for carrying out transfection into eucaryotic cells. However, Applicants note 
that not all antisense molecules are the same nor should they be lumped together into a single 
group. An oligonucleotide has unique properties, as does a double-stranded plasmid. In this 
regard, there has been no instance in the prior art that indicates a desirability of transfecting a 
single-stranded version of the large circular nucleic add as in the claimed invention. Turning to 
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the Gewirtz reference for the moment, Applicants povot to page 3161, fiur left colmmn, last three 
sentences of the first paragraph, in which it is stated: 

A larger body of work has focused on the anti-mRNA or so-called 
"anti-sense" strategies, composed principally of the use of 
ribozymes and antisense oligodeoxynucleotides (AS ODNs). 
Antisense oligonucleotides have received the majority of attention 
because of their apparent ease of synthesis and use. 

As can be seen in this passage, essentially there were two types of antisense strategies at 
the time of the inventira — ^using the enjzymc ribozyme, and using antisense oligonucleotides. 
The oligonucleotides were used mainly because of ease of synthesis. Because of the focus on the 
antisense oligonucleotides, a person of skill in the art of antisense therapy or diagnostics would 
be directed to antisense oligonucleotides and not to large circular single-stranded nucleic acid 
molecules as in the presently claimed invention for insertion into eucaryotic cells. Therefore, 
there is no reason at the time of the invention to mix a transfection reagent with the large circular 
single-stranded nucleic acid molecule of the invention because there is no desire, intent, or goal 
of inserting the inventive molecule into a eucaryotic cell. This is a significant point. If there is 
no motivation or directed reason to combine the particular type of compound of the instant 
claims with the transfection agent, then the composition as claimed cannot be held to be 
*'obvious". This is so, especially in view of the state of the art at the time of the invention when 
it was thought tibat small oligonucleotides were most desirable for insertion into the eucaryotic 
cells. Thus, at a minimum, tiiere was no motivation to insert the inventive compound into a 
eucaryotic celL And further, it would be reasonable to conclude that a reference such as Gewirtz 
stem toward optimizing small oligonucleotide transfection, and therefoi« teaches away from 
using the inventive composition. 
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Applicants note that the lai^e cixcular single-stranded nucleic acid of the invention 
cannot be grouped with the general antisense molecule that the Examiner appears to have 
categorized. Clearly, a double-stranded molecule has different properties from a single-stranded 
molecule. Even though they may possess nucleotide bases as the common unit components, the 
biochemical characterization of a single-stranded and double-stranded molecule reveal different 
results. Further, oligonucleotides in the range of 20 to ISO, for instance, are not comparable to a 
large molecule that has over 3,000 bases. The molecular dynamics between these types of 
molecules are different. Just based on the sheer difference in size, a person of skill in the art 
would expect them to behave differently. 

Applicants submit for the Examiner's consideration in support of the patentability of the 
presently claimed invention, a recently published article in Nature Biotechnology (Lee et al. 
"Gene knockdown by large circular antisense for high-throughput functional genomics", Nature 
Biotechnology, Vol. 23, No. 5, May 2005) by the inventors regarding the subject matter of the 
present application. Nature Biotechnology is one of the most prestigious journals in the field of 
biotechnology. Therefore, the subject matter of the claimed invention is acknowledged in 
scientific circles to be of significant advance over existing knowledge surrounding the antisense 
technology, fully supporting the non-obviousness of the presently claimed invention. 
Accordingly, the presently claimed invention is patentable over the cited references. 

Tt is believed that the application is now in condition for allowance. Applicants request 
the Examiner to issue a notice of Allowance in due course. The Examiner is encouraged to 
contact the undersigned to further the prosecution of the present invention. 

The Commissioner is authorized to charge JHK Law's Deposit Account No. S02486 for 
any fees required under 37 CFR §§ 1.16 and L17 that are not covered, in whole or in part, by a 
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credit card payment enclosed herewith and to credit any overpayment to said Deposit Account 
No. 502486. 



P.O. Box 1078 
La Canada, CA 91012-1078 
(818)249-8177 -direct • 
(818)249-8277 -fax 

Enclosure: Lee et al. "Gene kaockdown by large circular antisense for high-throughput 
functional genomics". Nature Biotechnology, Vol. 23, No. 5, May 2005 



Respectfully submitted. 



JHK Law 



Dated: October 13. 2005 
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Gene knockdown by large circular antisense for 
high-throughput functional genomics 

Yiui-HajD Ue}^^*^ Ik-Jae Moon^^ Bin Htlr^'^ Jeong-Hoh Park\ Kfl-Hwan Han'. Seok-Youg Vhm\ 
Yong-Joo Kiin^ Koo-Jeong Kang^, long-Wook Park?, Young-Bae Sem* Young-Ho Kim^ & Jong-Gu Park^'5 

Sing]€-stranded genomic DNA cf recombinant M13 pha^s was tested as an antisense molecule and examined for its 
usefulness In hlgh-thfoughput functional genomics. cDNA fragments of various genes {TNF-ct, c-mye, c-myb, cdk2an6 cdk^ 
were Independently cloned into phagemrd vectors. Using the life cynje of M13 bacteriophages, large circular (LC)-molecules, 
antisense to their respective genes, were prepared from the culture supernatant of bacterial transfonmants. LC-antisense 
molecules eKhtbited enhanced stability, target spedffclty and no need for target-site searches. High-throughput functional 
genomics was then attempted with an LC-antisense library, which was generated by using a phagemid vector that incorporated 
a unidirectional subtracted cDNA library derived from liver cancer tissue. We identified 56 genes irrvolved In the growth of 
these cells. These results indicate that an antisense sequence as a part of single^stranded LC-genomIc DNA of recombinant 
M13 phages exhibits effective antisense activity, and may have potential for high-throughput functional genomics. 



Gene expression can b« speciiically reduced or ablated in oMt after th^ 
uptake of antisense mdoculc^t compJementary to a specific jcoRNA 
sequence. Antisense inhibition of gene expression is bclicv?d to be 
achieved tlimugh RNa«H activity after the (brmation of an antbensc 
DNA-mRNA duplex or through stcric hindrance of mcrvcmcnt/ 
binding of the ribosoxnal complex'. Gene silencing by antisense 
tnentment has been considered ideal for functionaJ analysis of genes 
and further for drug targcr disoovery^. Intcrw: efforts have been mftde 
to develop and sense anticancer agents that diminatc aberrant expres- 
sion of genes Involved in tumor initiation and progfcsjsjqn^"*. The 
^efficncy of antisense oligonucleotides (AS-oligos) has been validated in 
nima] modeU^^^. 
We have prcvioudy described a scries of distinct antisense molecules 
with dosed stnictuTcs lacking exooudesse active sites, resulting in 
much enhanced stability in biologjc fluids^ These nsults prompted 
vs to investigate d\e potential of the single-stranded circular genome of 
M13 bacteriophages (phages) as antisense molecules. A recombinant 
Ml3 phagemid vector was engineered to produce a sin^c-stranded 
drcular genome containing an antisense sequence, wtiich was dicn 
tested for enhanced stability and specific antisense activity. 

Various methods have been devised to study gene expression' 
however* the infonnation generated has bceo limited to differential or 
sequcniial expression profiles of genes in diflerent tissues or cefls. 
Rapid accumulation of genomic sequence information and expre^ion 
profiling has created a bottleneck in subsequent definitive gene 
fiiiicttonalization and/or target validatioa Most definitiw functional 
ligation of geoes has been pcHbrmed with various conventional 



gain-of-runction or loss-of-ftinction studies. Loss-of-fijnction studies 
have been done either with gene knockdown using conventional 
andscnse^'^''* or its related todinologicfl^*-^, or with gene knockout 
u«ng homologous recooibinsrtion^^^'^. These approaches arc limited In 
that they must be done individually. Construction of an extensive 
antisense hhnuy may provide an answer to this information bottleneck 
for ma39ive gene funaionaJi^adon. AS-oUgo libraries have been par- 
tially established and used to obtain flinctional data of a large number 
ofgenes. Constructing such a libradry. however, am be cosily and time 
consuming because a target site search must be done^^^'. Thus, 
another approach is needed to facilitate construction of an atxtisense 
library. LC-antisense constructs may provide a salient advantage in 
library consuruction because they do not require target site seardica. 

In the present study, we tested the efficacy of singfe-stnindcd 
dreular genomic DNA of M13 phagemids as antisense molecules 
with regard to enhanced stability and tai^ct-spccific reduction of gene 
expression. An JX>antiseiise library was constructed by using cDNA 
prepared from hepatoblastoma tissue by subtractivc hybrldi»itian, 
whidi was then used to screen genes involved In the growth of a liver 
cancer cell Tme using a high-throughput approach. 

RESULTS 

Construction and puriHcBtran of LC-antlsense molecule 
CovalcTidy closed circular antisense molecules are unusually stable and 
cfFccdve in rcdudog tafget gene expression, suggesting the potential of 
lite single-stranded dmilar genome of bactcnophage M13 as an 
antisense molecule. The Fl replication origin of the M 13 phagemid 
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was used to generate a :dng1e^stninded circufeir phage genome harbor- 
ing either the antisense or sense sequence for a target gcijc. Rat TIVF-ct 
cDNA was cloned into a pBS KS (— ) vector to produce tKe anti!;en!w 
sequence as a part of the phage gcaomc (see Supplementary Fig. 1 
online). The phage genomic IC-antUense xnotecule* dcRignated as 
TTVFk-LCAS in thiA study^ was isolated from the culture !iupemataAt 
of bactertaf ccDs that were transformed with TccomWnant ph^gemid 
harboring rat TNF-ot cONA^. Leirge-scdc purificaiion of the LC- 
g antwciific molecule was done by gd filtration column chromatography, 
o The {intisense sequence in the single-stranded phage gcncimic D NA was 
§ confirmed by DNA scquendng using the T3 primer (data not shown). 
g LC-antipenjc molecules to the c-myc, c-myb, cdk2 and cdk4 genes were 
o also constructed by the same approach and designated «IS c^myC'LCAS, 
w c-myh-\CA^, cdtaACAS and aik4-U:JKS, respectively. SioiiJarly, both 
^ ICSE (single-stranded phage genome containing the jtcQse sequence of 
^ each target gene) and LOSS (single-stranded phage genome devoid of 
§ an insert sequence) were alio prepared control moleeulcs. 
^ LC-antisenK molecules were expected to be resistant to cxonu- 
B cleases becauM of their drcular structure'^'^^ Whrn single-stranded 
S (ai) TNT^-IX^ was incubated with either Xhol or cxonuclease IQ, 
s the antisense molecules were found to be largely Inraa after 3 h 
^ (F^ la}. In contrast, when Xhol was ad.ded to the doublc-str^rided 
ft (ds) recombinant M13 phagcmfd DNA harboring the 7W-a cDNA» 
■° the dsDNA was leatriction digested, generating two linear bands of 3.4 
g. and 0.5 kb on an agarose gel. Furthermore, the dsDNA was digpsT^ to 
g completion by the combination of Xhol and exonucleasc Ut, leaving 
^ no detectable DNA band. The feet that rNFa-IXlAS \% ssDNA was 
c reconfirmed by the efficient digestion of tfic circular molecules with S) 
nudca.^ which specifically cuts ssDNA regardless of sequence com- 
3 position, Wlicn rNFot-LCAS was combined with cationic lipids, a 
^ lai^e fraction of the antisense molecules remained intact after an 
g extended period of incubation in fctal bovine serum (FBS)» even after 
^ 24 h incubation in 30% FBS (Fig. lb), 
z 

g Effective inhibition of target gvne expression by LC-antlsense 
g Encouraged by the enhanced tolerance of LC-^antisensc molecules to 
© nucleases, we tested rNPa-TjCAS for antiseiwc activity. TNT^-LCAS 
OK (1 .4 nM) was campfexed witli cationic lipids and added to the rat 
ESpnonocytic \VRT7/P2 cell line in which TNF-cl exprcssion was induced 
by lipopolysaccharide (UPS) treatment. When treated with TNFfx- 
LCAS, the ccll5 were shown tu have a substantially reduced level 
of TSF-Oi mRNA (Fig. Ic). In oontrasi» cells treated wth either 



Figure I StsbUfty and antisensa activity of LC-antlssttse. (a) Char^terlzatiwi 
of TNRtriS^^ molecules. Either double-stranded (ds) recombinant 
7^ftc-phaga^nid or sfngte-atranded (») TTVfti-LCAS was Incubated wlh the 
reslrfction endonuclease SI nuclease or >r/Jol/eyonucioafie HI and run 
on a 1% agarose gel with Sham-treated controls;, (b) Stability test of LC- 
antisense molecules. TTV/tx-LCAS plus catipntc Mprd complexes were treated 
with 30% Fes for cHffereirt perkxi of time OS indicated and run on a 1% 
asarose gel with a sham-treated control, (c) Antisense activity of 7/Vfte-LCAS 
on 77Vr-a mRNA level? in VVRT7/P2 cells. RT-PCR analysis was carried out 
with ttMD sets of Dflmers, erther rwF-a primers or ^sctin primers. Southern 
blotting, shown in the txittom panel, was carried out to detect TNF^ 
expression. (d> Reduced expression of TNF-« by TTVra-UCAS treatment. 
ELISA of TNF-a In medium! Vimif?2 cells transfected with W/tx-LCAS, 
7Arfi-LCSe Of LCSS. Each bar value PCpmsents the mean ± s.d. of 
biplicate experiments. Statistical sigrwricancc was Calculated with Student's 
Mest (analysis of variance. * P < 0,05). (e.fi Indicated wnounts of 
LC-antisense molecules to c-myc (e) and c-myb (f) were transfected into 
K562 cdls. Amplified PGR fra^nGnts of each target gene were run on a 
1% agarose and visualized with ethidium hramldc staining. 



TTWbt-LCSE (tiie sense strand of TNP-(x DNA) or LCSS (single- 
stranded vector genomic DNA) did not show much reduction of 
TW-a mRNA. The RT-PCR band of rNT-a wv coniirmed by 
Southern hybridi^tion with a probe dwt bound to the internal region 
of the amplified DNA fragments (Fig. Ic). To confimi that the 
tteatmEnt of LC-antisenfie Icadg to the eventual blockade of protein 
synthesis from target mRNA, we transfected WRT7/P2 cells with 
TNftt-LCAS and measured the levd olf TNF-ct protein secreted from 
the cransiectante. Commensurabe with the reduction of TNF-ti mRNA 
level, the levei of 'mF-a in the cell culture supernatant wag also reduced 
by more than 90% after treatment with TOFbt-LCAS (Rg. Id). Fn 
conttaut, none of the two contncil molecules. TTJRt-IjCSE and LCSS, 
slgniecantly reduced the levd of TNF-a prtitcin in WRT7/P2 ttansfec- 
tanls. Alter observing the cCTectivc antisense activity of TTWi-LCAS, we 
peribrmed experiments to determioe if LC-antiaense molecules to 
other genes, such as Q-myc and c-m^ vrauld aJso block expnssion of 
their respective tsrget genes. When 1.12 nM of c-rf^^-LCAS was added 
CO K562 cells c-w/c mRNA was reduced by about 70% compared to 
that obtained after c-wytr-LCSE tran?fectlon (V\p le). Similarly, treat- 
ment of \^ 2 nM of c-myb-lCA^ to K562 cells reduced c-myh mRNA 
level by about 80% (Fig. jf). The treatment of c-rrjyc-LCAS did not 
affea the exprcOT'on of the c-myb gene and vice vxrsa (Fig. le»f). These 
resuhs show diat LC-aniiscnsc can efficiently reduce gene expression in 
smaller amounts than mosA conventiona] antisense molccuks. 

Target specificity and antisense ^tlWty of LC-anlisense 
If LC-aotisense is to be effective, it must be target specific, especially in 
regard to its large length. Thus, sequence specificity of LC-antisense 
molecules was examined by an RNase pttilcction assay (RPA) after 
treatment of Hcla cells with d%2-LCAS. Whereas c4fc2-lJCAS reduced 
cdk2 expression in the cells at time points of 24 and 48 h, the anHscnse 
did not substnntiBlly ^fk<X expression of other gcnesi tdkU p26, 132 
and GAPDH (Fig, 2a). CDK2 levels in HeLa cells transfected with 
orffc2-LCAS wett ako examined by western blotting analysis. Whereas 
afA:2-LCA$ at a. concentration of 0.8 or 1.6 nM reduced the intracel- 
lular Icvd of CDK2 by more than R0%» sn equal amount of aft2-LCSE 
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Ficuro 2 Tanget specificity and anti^ensc activity 
Of LC-ar>tisense. Detection of gene expression 
wa*t done after the transfection of LO-enttscnse 
into HeLa. (a) RPA aswy for expression of variojjs 
gene$ In HeLa cells. Totdl RNA extracted at 
24 h or 48 h dfter treatment with ctf^f^-LCAS Of 
at 4*8 h after sham trestmcnt or LCSS treatment 
in 6-weli plates. AflGT hybridization of the 
extracted RNA with biotin-lalseled probe? or yeast 
tRNA (n^ivfi control}, ttie ssmples wcrc run 
together with imhybrfdlzed probes as markers 
on a cfenaturing polyacfylamitfe gel. Reference 
mRNAs: i32 and GAPDH. Irregular splotchas 
are shown i32 end GAPDH hands of the two 
riRht-hand lanos. PlSSLRE, a human COC-2 
related protein kinase, (b.c) Real-time RT-PCR 
analysis Of c<fk gene expression in HeLa cells 
treated with cakS-LCAS (b) or cdk4^LCf{^ (c). 
Tbtal RNA was extracted at 6 h. 12 h and 24 h 
after treahnent with 1.6 nM Of UC-antisense or at 

24 h after sham, lipids alonc. LOSE and LCSS treBtmerrts In 24-wall plates. In all real-time RT-PCR experiments, expression is calculated relative to p-actin 
and Is normalized to sham treatment. Each bar valua represents the meari ± s^, of triplicate experiments. (d,e) Effect of LC-antisensc on proilferaHon of 
human cancer cell lines was measured by MTT assays after transfectlon of LC^isense molecules, (d) Effects of two types of c myfr-LCAS on K562 cell 
proliferation. C-myWXASl and e-myb-iZASZ contain 0.5 icb or 1.5 kb of the c-rrw* cDNA sequence, respectively, fe) C(*fr4-L£AS on MCF-7 cell 
prolifcigtlon. AS. cd^/g-LCAS; ctfJir4^LCSE. Each bar vatue represents the mean ± s.d. of trfplicaie experiments. 
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had no substantial cflfect (see Supplementary Fig. 2 online). Interest- 
ingly, the level of cdk4 mRNA was also reduced by the treatment of 
cdk2'UZAS. The result may be explained by the coordinate regulation 
between the twn Gl ph^se-speciiic cell cytic regulators in a sequential 
&i;hion'*^'^. However, it was necessary to rule out the ofF-target effect 
of cdi^^LGAS, therefore^ wc monitored the changes In cdk2, cdk4 and 
cdhS gene expression after cidier cdkZ- or ££lk4'lJCJS inratrneat aC 
earlier tjrnc points using teal-Untc quantitative KT^FCR. Cdk4 shares 
conserved regions in some of it*; sequence Co those otcdkl and £dk6, 
dac other two ecH cycle regulators, >fadeolidcs 749-ft4fi of the.«IJk4 
cDNA {GenBank accession number NM_000075) exhibits 75% 
Kcquencc sltniUrity to a region of the cdk2 gene CNM_001798) and 
74% to a region of cdk6 gene (NM_O0IJZ59), respectively. There is, 
however, no sequence similarity between cdk2 and cdk6 genes. A time- 
um experiment v^tas initially carried out by traosfifiction of 2 X 10* 
Helfl cells by various amounts ofcdk^- or C(ik4-ICAS to monitor the 
optimal concentration of the antisense and time points for effective 
knockdown of their respective gene expression. In addition, the actrvjty 
of c4k2'UCAS was eomparod to that obtained with aikl mRNA. When 



0.8, 1.6 and 2.4 nM of either cdkZ- or c4k4-lCAS ivas added to HeLa 
cells, target mRNA w»s reduced by about 40-75%, in a dose-dependent 
manner at 6, 12 and 24 h (see Supplementary Pig. H.b). In contrast, 
cells that were treated with cither LCSE or LCSS did not show 
substantial reduction of cither cdk2 or cdk4 gene cxprcRsion. The 
influence on the cxpressjon of noncognate cdk genes vns then 
examiaod after cdk2- and cdk4-UCAS ticatmcoi, respeaivdy. When 
1.6 nM ofcrfk2-LCAS was added to HeJ-a calls, thelevelof crifc-^mRNA 
was not changed RubstantiaDy ?t 6 h and 12 h, but was decre^ised by 
about 4ft% at 24 h (Kg. 2b). Similarly, 50 nM celk2 siRNA teduced 
target cdk2 RNA by about 48% compared to the sham treatment, bvrt 
cdk^ RNA was not reduced at carKer time points. However, after the 
24 h incubation with cdk2 siRNA, aik4 mRNA wjis reduced by 
approximately 47% (ace Supplementary Fig. 3c online). 

Further, when 1.6 nM of a}k4-LCAS wsk added to HeLa ccDs, Ae 
expression of cdk2 and afk6 mRNA was not affected at 6 fa and 12 h. 
but wa4i decreased by approximately 64% and 47% at 24h» lespccdvely 
(Fig. 2c). The lack of oiF-target e5q)reft«on intcrftrenoe among the 
ruActiDnally associated genes, aScl, cdk4 and cdk6, at carKer time 




figura 3 High^hroughpur functional analysis to Wenrtfy fienes involved in the grfjwrth of Iwer cancer celb. (ai Growth inhibition of HepG2 cells after 
transfoctlon with LC-antisense library was examined by light microscopy C d after transfection (200x maEnlflcation). (iHiii). cantroT trBatmenfa as indicated; 
(IvWbc), HQpG2 cells treated with different LC^ntisensc morecules. A represertaihw example of the data acquired from treatments with 6 out of 1.200 
kinds of LC-antisense is shown, (b) LC-antisense spedcs cf 56 random genes were transfected to a HcpG2 cell line in a mecioaffay configuration. The 
transfectants were examined for growth InhibrtJon by MTT assays in triplicate. Cells that were shanvtreatad, treated with lipids alone and treated with control 
DNA plus lipid complexes wcfft asssiyed simiHtanaously. each bar voloe represents the mean ± s.d. Of triplicate experiments. 
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Table 1 Lrst of genes lnvohfe<t in liver cancer cell growlh 



Gene description m6 putativB functionat categvy 


No, of dones 


Aoccssian no. 


Pmtoln vimfhpi^hi 










BC0049$e 


Siboglinum elcm&Al tQ$ fibofiOil^al RNA, pBTtla) sequftpcc 


WGSU6 


AF3 15062 


n. Sapiens riDosufiiBi pfDiQin 99 inroo/ 


WGSL19 


NM_001Q1P 




WGSL23 


NM_001QC13 




W6SL33 


NM_033022 


If! Stiff rVit^ 1 iUUBUIilal fffWKlH * 4X r 1 


WGSL3fi 


M13932 


ssptens Clone nvinGktssAciolo 


WGSL39 


BC020169 










WGSIji6 


BC0181&1 


rr. SBfJ/eftS nou^iirnor P'vivin (KrtiASJ 




NM_007^O9 


liaiulBuun lacmni 




H. MpMfl^CUlidfVdtic transEation initistiDn in(S.of 3^ Subunit 6 interacting protein (EIF3S6IP) 


WGSC3 


NM„01S091 


r*i js39vn!ns cuiuif/OCic iRinsBEion ininsnon i9C(Cr4Ai isoionn z (tir4A!;/ 




NIM.001Q67 


17. sxpfcns cuftyryocic cransieiion Biongsrion iiictiQr i Ramma 


WGSLAt 


BC028179 


oinmunii piuLEins Bnu ii wiV ivKUmujia 








WGSL6 


XM_033878 


H. ffspfp;?^ clone MGC: 531 8 IM AGEt2900273 - 


WGSL14 




H. sBpiens beta-JJ-mlcroElobuIin (B2M} 


WGSL32 


NM.00404B 


H. sspisns syntax! n 7 ($TX7) 


WGSL53 


XM.004526 


Metabolism 






^. »riO/cns grutdiridtd dehydrogenase I (QUUPl) 


WGSLIS 


NM_00S271 


Humdn liver glutamate dehydrogensM 


WGSU25 


J03248 


S^i^ns similar to serirre (or cysteine) protcirtdde inhibitor 


WGSL34 


8C01199L 


Human mRNA for glutamBte dehydroecnase 


WGSL42 


X07769 


Other 






H. sapicrts alpha-fBtoprrtein (AFP) 


WG5L8 


BC027flai 


H. ssptens fefrltin, light polypeptide <FTU 


WGSLd 


NM_0O0146 


H. SBpiens cutan«ou$ T'CClf lymphoma-associoted tLmor antigen (SE2(M) 


WGSLl t 


BC024270 


H. sapiens apollpoproitci n A-ll 


WGSU2 


BC005282 


H. siip/ent heat shock 70 kDa protein 8 (HSPA8) 


WGSU3 


NM.OOS5g7 



o 

c 

I 

a 
fl. 

£ 

I 

2 

g points and between the c-myb and C'tnyc gcnc5 by respective LC" 

8 dDtb^nsc TDolccak? dernonstrate the target sped fi city. 

© We jiext rested LOanlbetise molecules Tor growth inhibition of 

©cancer ceD lines by targeting c-myb and cdH, To accomplish this, two 
tUffcrerjt LC-antisetise molecules to c-myb at 0^6 nM (c-myb-lTJiS] 
containing 0.5 kb c-ntyb antiscn;>c and c-ntyb^LCAS2 containing 1.5 kb 
c-fttyb antisensc) were added to K562. When the caneor cell lines 
trannfected with the antiscnsc molecules were examined for growth 
with the MTT assay, both c-myb-lCASi and c-myb-lCAS2 were able 
to inhibit cancer cdl grnwth by more than 60% (Fig* id). In contrast, 
e-myh-lCSE and LCS$ did not substantially afTcct K562 cell growth. 
Similarly^ when cdk4'lCAS was added to MCF-7 ceils, the cell growth 
of anti^cnse transfectants was inhibited by more than 70% at antiscnsc 
conceotjmtioDS of either 0^8 or 0.56 nJM. In contrast; aft4-LC$E 
showed only nwrginaJ inhibition of ccH gn:»wth, less than 9% and 1 5% 
inhibition m the same concentrations (K'i^ 2e)« Hie changes of CDK4 
leveb in MCF-7 cdls treated with various amounts of aft^LCAS went 
also examined with western blot analysisw Wb ereas cdk4-lCAS at a 
concentration of 0.8 or 1.6 nM reduced the CDK4 level by more 
than 60%, an equal amount of ctfk4-U:SE had no substantial eflfcct 
(see Supplementary Fig. 4 online). These results demonstrate that 
LC-nntj^ense molecules may provide taiget spedfidty and effective 
antiserLqc nctivity. 

En masse identiffcation of liver cancer-related genes 

The fact that a phagemid vector can be easily uecd to oonstruct 

a cDNA library, prompted us to inviestigate the feasibility of 



Table Z continued on following page 

high- throughput funaional genomics using LC-antKcnse technology. 
Uain^ an LC-antisense library can be sppcaling because target Kite 
searches are not required.. Thus we consTrucied an LC-antisense 
libraiy to identify genes that are ftjnaionally involved in the growth 
of liver cancer cdls (sec Supplementary Fig. 5 onKnc). To improve our 
chances of finding gene? of interest, we prepared mJRNA from both 
hepatoblastoma and noncanccn^u; adjacent Ih^er tissues, which was 
differentially ampU6cd for liver cancer-spDci6c mftKA by a .suppies^ 
sion aubtracthfe hybridization method^'^. Differentially ampiified 
cDNAa were unidirectionally cloned into a phftgcmid veaor, and 
the cDNA library con^truaed was cransformed into Escherichia atU 
competent oella. From the cDNA library of 9^ transformants. 7,200 
clones widi cDNA inserts of more than 500 base pairs were selected by 
a simpliiicd method for plasmid isolation^'. LC-antisensc molecules 
were then purified from the culture supeniatant of bacterial compe- 
tent cells «upcrinfccted with helper baaeriophages. The random gene 
LC-antJsense library of 1 ,200 member species was arrayed for trans- 
fecrion in 13 96-wdI plates that had been .seeded with HcpCi2 cdls for 
functional analysis. Each IC-antisense molecule (Oj. ng) was com- 
plcxed with cationic lipids at a ratio of 1:3 (wt/wt) and transfcctcd into 
7 X lO' HepG2 ceDs in each well of 96-weD plates. CcILj were inspecled 
for morphological changes with light micm.'aiopy fFig. 3a) and 
measured quantitatively for growth inhibition with, an MTT assay 
4 d after transfection. Of the 1,200 antiscnsc species selected by insert 
sbaa, 153 ( 13%) were found to be inhibitnry to cancer cdl growth 
in varymg degrees. In comrast. ceQs treated wtth sifig|c-str:iaded 
control DNA (devoid of antisense insert scquen.ces) exhibited a mild 
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Table 1 Continued 



Gena description end putative fiinrtioroi category 



H. haplotype M *2 mrtochondrlon 

H, $a0i0ns haptDgiobin (HP) 

Hmm cytochrome P450IIE1 (ethanoMndiicitHc) C0tie 

H, Cytochrome b5 outer mttoehofitfrjal membrane prBCUisof 

Human DNA s«tuer>cf; from dons RP4-792D7 on cnramosomc lq42.2-43. ContafnR thA 5'«nd of the TARBPl 

gene for TAR (HJV) ftlSlA^bindinfi protein 1 

H, SdpiBns intorferon. gsmma-lnducibtQ p<>otOin 30 (IR30) 

H, S3p/sr7s fibrinogen, gamma polypeptide (l=GG), transcript variant; eammo-A 

H, sapions hypothetical protein A/(yDl4 fMYOM) 

Human liver fatty add binding prcteirt (RABP) 

H.ssprens clone MGCtl2445 IMAGE: 3 935036 

Human gene for hctcro£oneous nuclear ribonucleoproteip (hORNP) core protein A) 
H, SSPt'crK FK506 bindins protein 3 (2SkD) (PKBP3) 
Undelined fuiKlions 

Human cnromosome 1* DNA sequence BAC R-i:saM$ «f libraiV RPCUl from chromosome 14 

Human DNA sequence fiom clone CTA-17SE3 on chramaMnoe ZZqlZ.l 

Human DivrA sequence from clone RP11-38P€ on chramosome 9 

H. sapiens BAC clone RPll-SZOEll from chromosome A 

H. sapiens hypotherical protein FU14075 (FU14075) 

H. sapiens ?RQ2G75 mRNA 

H. sapiens mRNA; CCRHA DKFZp762BI95 

H, $9piCfl$ done RPll-SeOlS from chromo^ooic 2 

S»pi6fiStDm FLJ35730 fis, highly filmiiar eo aiphit-l-antichymotiyps^n preeumor 

sapiens BAC clone RP 11-4496 13 from chromosome 16 
H, sapiens chromosome 5 clone RPl 
H, sapiens z\m9 IMAGE:3g23943 
H. sapiens chromosome 4 clone B3660^ m«p 4o25 
ti. SSpiMS BAC clono RP11-360H4 from chromosome 2 
Human DNA aoqyencc from dona RPl 1-334A 14 on ehramo9em*5 1 
H. genomic MHC clas ill complement gen« cluster <MCGC©) on chromosome € 

H. r,aphsns BAC dons CTD-2324Ka from 7pU-pl3 
H. saphn ficnomrc DNA. chrDmosDme 1 Iq donetRPl 1-6SOL20 



No. 0^ clortds 


Accession no. 








MM iVim^a 


r rV3 ' 111 




WGSL31 


DwUi 1 












Pi nrl_ y U D 


Wt5SL44 




WG5L49 


mil nntin 








X12671 








J. 7 190 






WGSL4 








wgslio 




WGSL15 


AF)..t9690 


WGSL17 


Al^ 59585 


WGSi^O 


AC019159 


WGSL22 


AK093049 


WG5L24 


AC020716 


WGSL27 


AC09ig52 


WGSL29 


QC024924 


WGSL37 


A0004067 


WG$L43 


AC019086 


WQSU? 


AL4'1&ia3 




NG-000013 


weSL54 


AC01t23fl 


WGSL&6 


AP001102 



level of grawth tnhibitiQTi that could also be seen iti cells treated with 
a dsDNA-Upid complex. 7b eLiminate tedundancy. wc compared 
the sequences of C.ONA dones complementary to the 153 gfOV^- 
inhibitiTig XC-antisense xnoleeulea end searched the GeoBonk database 
matching sequences. For instance, TX^AS 3, 5, 3, 9, 10 and 23 
contiLined the antisease sequences reversely complemeniary to the 
cDNA sequenoes of WGSL3 {nucleotides 1367-1B85 of GcaB<ink 
aocessiofi number NM_C)6091), VVGSL5 (nt 21-489 of BC004936), 
WGSL8 (nt 1.44^-2017 of 60)27381), WG$L9 (nt 421-863 of 
NM_00O1.46), VVGSLIO (nt 2119-2446 of NM.024S94) and 
\VG«^3 (fit 321-512 of NJVC001003) genes, respectively. There 
were 56 unique sequences out of 153 cDNAs, «ind these were sorted 
and dcijignat«d as clones WGSL 1-56. Putative functional catcgqri/^i- 
tion of each gene was then pcribrmcd by motif-bascd r»carcbc$ on the 
b^sis of the revealed sequence information (Tabic l). The LC-anti- 
sense moteculcs derived ftom the 56 doncs were then designated a$ 
IXJiS 1-56. Functional categorizatiorx indicated that 18 out of the 56 
genes encode proteiiu of undc6ned functions. The remaining 38 genes 
have previously defined functions. The gr«jwth inhibiting acUvitica of 
^e 56 LC-antisense molecules wen: further confinned by repetitive 
MTT assays (Fig. 3b). These 36 genes appear to have fimcdons directly 
or indirectly related to ceU growth of hepatoblastomas. 

Effects of LC-antfsense on cell cycfe proisression and apoptosis 
The 56 IC-antisense species inhibitory to cancer cell growth wcfc 
studied further to reconfirm their xoles and to understand the 
underlying molecular mechanisms of their inhibitory effects. Wc 



used flow cytometry oanlysls to dei;ect changes in cell cycle patterns in 
HepG2 cells that were treated with the iJC-antisense spedes fbr 
48 h. When compared to control treatments, using lipids alpne or 
LCSS plus lipids. 53 (-^95%) out of die 56 LC-antisensB molecules 
ejsbtbited an Increased percentage of cells with $ub-GO-Gl DNA 
content (Fi^ 4b). We then determined whether cell death caused 
by antisease treatment reflected the induction of apoptosis. HcpG2 
cells Created with LC-artiscnse njoleciiles Tvere fiubjcctcd to a DNA 
fragraentation assay. Twenty seven (LCAS 1. 3, 5, 8, 11, 12. 14, 15, !<>, 
20, 2U 22, 24. 2% 31, 33, 34. 35. 40. 41. 42. 43, 47. 48, 49. 51, and 5.3) 
out of the 53 LC-ant isensc f^crieji %verc found to cause characteristic 
DNA ladder formatinn 48 h after the transfcction, indicating apop- 
totic progression caused by the antisense molecules (F%. 4b), 
These results suggest dial the I.C-antiscnse library system is an 
effective means for en masse identification of genes inv^jhred in cancer 
ceU growth. 

Rjnctional validation of th« idc^ntlfied g)enes using other antisense 
A lai^ number qf genes were rapidly identified to be involved in liver 
cancer cell growth with the LC-antisense Ubrary. Functional valida- 
tions of the genes identified from the liver c^^ncer ccDs wctc further 
carried out by using other aniiscnsc technologies including siRNA and 
P5 end-capped AS-oHgos. We chose an LC-antisense of clone WGSL 
1 1 (accession number BC024270; gene description, H. sapierv cuta- 
neous T-ceD lymphoma-assodated tumor antigen), as an acample, out 
of the seven LC-antiscnue molecules rfiat showed diflerentia] inhibldon 
of HcpG2 cdl iTowth (data aol sliown). 
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Fiioire 4 Effects of LC-anti^ense on celt cycle progression an^ apoptotic 
induction. A representative example of the data acquired from treatments 
with six Kinds of LC>antisense is shown. («) Cell cycle analysis after 
transtcctlon of cells with LC-antisense moiGculGs. HepG2 celts and controls 
were treatEd with ttie LC-aniisense molecules, LCAS 1 1. LCAS 14, LCAS 
15, LCAS 16, LCAS 29 and LCAS 3lt nham treatmeftt, lipids alone and 
control DNA + Li. (lipid) complexes. Cells were harvested at 48 h after 
trafisfeetion. Fimctional analysis was performed on an equal number of cells 
(10^ events) by flow cytomctiy after Staining of DNA with propidium iodide, 
(b) rnduction of apoptotic DNA ladder fbmiation by LC-antisense mpleculcs. 
a The LO^Wtisense molecule*, LCAS U, LCAS 14, LCAS 15, LCAS 16, LCAS 

^1 and LCAS 29, werd b'aated to HepG2 cells along with controls! sham 
J treatment, control DMA + Li. [lipid) complexas and cisplatin {poaitive 
g control). Genomic DNA was extracted AQ h after traosf action and run an a 

0 1.6% agaroaa gel M, lOO bp DNA ladder size marker. 

d - • 

I 

= We studied the effect of two siRNAs, 1 l-lsiRNA and ll-2aiRNA, 

1 to WG5L 11. on tar^ mUJSA leveL U-lsiRNA. was found to 
S be effective m i^t^t BNA reduction, and waa compared with LCAS 
3 II for tar^ RNA Tx:dactjot> and cell proIiferHtion blockade. Quanii- 
B tative downicgul^tion of the target gene expmsion by LCAS-11 

1 and U-lsiRNA was done with rc^il-tinie RT-PCR to detect target 
J mRNA levels Ln HcpG2 cells. 24-h treatment with LC-anti«cse 
J. (1.6 nM) and siRNA (50 nM) fcsaited in about 9 70% and 60% 
^ rrductioD of target mRNA, respectively, when compared to that 
g- obtained with sham treatment (Fig. 5a). HepG2 cdl growth was 

2 inhibited by itbout 70% and 67% by 0.8 nM lCAS-11 and 25 nM 
O } M.5iKNA, respectively (Fig. 5b). 

? Next, we set out to reconfirm the validity of the functional data by 
using odier types of anti^ensc molecules. To find an diccdve target site 
^ Fqt antisense inhibition, a series of PS end-capped AS-oIigos derived 
£ from the clone WG5L1 1 were desisned and evaluated for tficir ability 

« to inhabit target gene cxpresston and HcpG2 cell growth. Of five 

3 antisense sequences tested, the most active one^ PS ll-l, wsis (^elected. 
5 When trcabcd with PS U-1, target mRNA levels wcrr much reduced 
g and cdl gr^owth was inhibited by about 70% at a concentration of Ll 
^ jiM (Fig. 5c,d). In contrast cclfc treated with either mismatch nr sense 
& 




11-1 1V2 11-4 H-S 11-Mt \UM7 11JU3 11.8 Ufitim 




control end-capped AS-oIi^o^ did not show mudi reduction of target 
mllNA and resulted m only maigiDalcell growth inhibitioh- The resulL 
was recnn Sirred by Southern hybridlation of the RT-PCR band of 
target mRNA (Kg. 5c). Thcjw residts validate the utility of IC-antisense 
hbrary in screening gene? of interest in a high-throughput naode. 



Figure S Validation of WGSL 11 as a potential tarnct for the inhibition of 
cancer cell growth. LCAS 1 1. siRNA and a scries of PS end-capped A8- 
OligOS flirected against WGSL 11 were designed and transfcctod Into HepG^ 
cells, (a) HepG2 cells were treated with 1.6 nM LCAS U or 5Q nM 11- 
IslRNA or eontrola in a 2A^\\ plate. Total rna was isolated and subjected 
to real-time RT-PCR 24 h after the antiaense treatments. Values repnjgent 
the average of three hidependent experiments. Open bar^ treatment by 
LCAS 11 or controls; solid bars, treatment by ll-lsiRNA or contmls. 
(b) HepG2 celfs were treated with 0.8 nM of LCAS 1 1, 25 nM of 11- 
IsiRNA or controls in a 96-well plate. The transfectants were examined for 
growrh inhibition using MTT assays 72 h after the antisense treatments. 
Cells treated with sham, lipids alone and control molecules complexed with 
lipids were also assayed for comparisons. Open bars, treatment by LCAS 11 
or centrals; solid bars, treatment by IMsiRNA or controls, tc) HcpG2 ceils 
vtt^Q transfected with 0.8 nM LCAS 11 and 1.1 hM the PS end-capped 
AS-ollgos. complexed with Lipofectin in a 48-wgII plate. Total RNA was 
subjected to RT-PCR 48 h after the AS-oligo treatments. DNA bands in b 
were then transferred onto a nylon membrane and subjected to Southern 
hybridization, (d) HepG2 ceHs were transfected with each PS end-capped 
AS-oiigos (0.16 |iM) complexed with Upofectin at a ratio of 1:2.5 (wtAirt) in 
a 96-well plate. MTT assays were can-led out to dcteimina the inhibition of 
cell growth 72 h after AS^II/fos treatment. Each bar vahie represents the 
mean ± s.d. of triplicate experrmKits. Sham, sham treated} 11-1-5, treated 
with PS end-capped AS-ollgos of five different sequences; 1 1-M1-M3, 
treated with mismatch control oll^s Of three dttfererl sequences to 
PS 1.1-1} and ll-S. treated with a sense control ollfto of PS 11-1. 
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DISCUSSION 

LC dntlscnsc molecules were generated as mnglc-stranded gcaouilc 
DNA. of lecombinant bacteriophages, ^uid was tested fx>r Ktability, 
antbense activity and, further, fbr its usefulness in hlgh-tbn>ugbpat 
fiioctiolut] gcAOttiksw When LC-antiseiue molecules to TPJF-ol jnRNA 
were usexl the antisense molecules were fbimd co be stable in th« 
presence of nucleases and effective in redvaion of target mT^A, 
which was reflected m the antiscnsc activity that required less than 
g I/IO the amount of most other types of AS-oligos. LC-antisense to 
S T3VF-a was aJso found to substantially reduce production of rat TNF- 
c ot in ccDs) confirming commensurate antiaensc activity at the protein 
g Icvd. Further, the broad utility of LC-antisensc wbr con6nned with 
o antisense-mediatcd expression blockade of scvcrrd other genes (c-myr, 
M c-myb^ cdk2 and ccUc4) of biological significance. 

The enhanced antiscnsc activity of LC-anliscnsc molecules may be 
J explained in two ways. One reason may be that the long antisense 

0 sequence (UOOO bsAcs oo nveiage) in the molecules oUows ihc 
<g formation of a more stable duplex between the antisense sequence 
2 and the complexnentary sequence of target mRNA. The lengthy duplex 
e may serve as a substrate for RNascH activity for an extended period of 

1 time Another icason is diat mRNA tends to fonn extensive secondary 

1 and tertiary structures among its own seq uences or interact with RNA- 
binding proteins in the cell cytoplasm, which can moke iomc target 

■= sequences inaccessible. Tt is more likely, with Its long length, that 
certain re3;ions within lC-anti$ense molccuIcK have a higher chance of 
binding to complementary sequences in target mRNA. 

As the antisense sequences arc much longer in LC-antixcnse 
molecules, target-spcrifirity of IC-aniisense is of critical concern. To 
■g prove sequence spedficity of LC-antisense in a rigorous manner, we 

2 carried out both muld-probe RPA and real time JRT-PCR. The specific 
£ antisense activity was shown hy the lack of off-target effects between 

2 LC-aotis«?n&c molecules to c-myb and c-myc and was reconfirmed by 

3 LC-anti sense molecules and siRNA targeting the same gene, edkl. 
Z Bccau«: cdfc4 expression was downrcgulatcd OTjJy by cdk4 LCAS but 
g not by cdk2 iCA5. and vice vcisa, also bdicates sequence spcdfidry 
g because the two geiies have a region of localized homology. The 
® delayed downrcgulation by functionally associated genes may be 

©explained by the tightly coordinated regulation between cell cycle 
Regulatory protcbu. Perturbed expression of a growth regulatory gene 
has been reported 10 alter expression of other genes involved in the 
QMS troQsidon phase of cell cydc progression^. Primary reduction of 
cdk2 expression may have subsequently lowered the activity of CX»K4 
(ticf 35). Even with its long lengthy LC-antisense provides sequence 
.specificity comparable or better to existing antwensc technologies. As 
widi other antiscRse technologies including siR>JA, there may still be 
some off-target effects when a large amount of LC-aodsensc molecules 
i& used. 

Knockdown conferred by antisense provides much fester means for 
gene functionalization than do the convemional knockout methods. 
To take advantage of antisense technologic^^ antisense libraries have 
been constructed using AS-digos and used for sdcction of drug 
targets^'-**. A vector system for expression of ssDNA in roammaiian 
ceDs was also reported*^ More feocntly* an approach using a genome- 
wide synthetic siRNA or siRNA expression library was developed for 
unveiling gene fimctions^l Although the tedmology of siRNA has 
been reported to be effective* the eflficiency in target reduciidn and 
specificity appears to be comparable to Aosc of LC^dscnse. It should 
be noted that both AS-oligos and aiRNA, unlike LC-antisense, require 
target site searches that are lime consuming and of^cn incondusive. 
LC-antisense, as with other antisowc, appears to bring about some- 
what varying degrees of target i«hiction eveu with ib lower variability 



and better efficiency. Thv5> antisense acb'viticR obtained from distinct 
iC-antisense molecules need to be analyzed with some prudence. 

By using the random gene LC-antisense library, wc identified 56 
genes functionally involved in liver cajicer cdJ growth. Motif*bascd 
searches suggested that these include genes with novel functions and 
genes with defined functions, some of which were, as oqaeaed. 
involved in critical cellular mctaboliivms in ONA replication, transcrip- 
tion and translation. Yet, some other?; contribute to cancer cell growth 
io addition to their functions that appear irrelevant to cancer ceil 
growth. Several gcnc^ that we found to be involved in liver cancer cell 
growth in the present study were shown to be ovcrcjcpressed in 
hepatocellular carcinoma^^. In f»ct, ribosomal proteins PI, SI 7, 
L35, fibrinogen gamma polypeptide and elongation factor- 1 gamma 
(WGSL 23, 38, 55, 40 and 41 rcspcctivEly) were oveK^^rcssed in Ihrer 
cancer and involved in prDtcin syjithesfa. These results suggest that 
these genes, aithoug^i cssentfal in their housekeeping roles, may have 
diflfcrential eacptcssion Icvdb in liver cancer tissues and support C3dl 
growth in tivcr cancer. Similar findings of a large number of hnuac- 
keeping genes in the identification of growth-rekted genes were also 
reported in other functional genomics using expressed antisense in 
Candida albican^'. If overexpicssed above a rrormai level these goies 
may play an important role in cancer or pathogenic ccH growth, 
Recently, for example, a-fetoprotein (WaSL $) was reported to 
stimulate expression of some oncogenes (c-fos, c-jun and N-ras) in 
liver cancer cells^*^. It would then be worth targeting these genes to 
curb cancer cell growth. Further studies are clearly warranted to 
investigate biochemical processes of protein prr>ducts of the geoca* 

An LC-anti.?cnse library can be constructed with the umdircctiona.l 
doning of cDNA fragments of known sequences (unigenca) into 
phagemid vectors. Contrary to the random gene antisense library, 
each antisense .species in the uni^ne antisense library has a unique 
sequence. An advantage of the unigene antisense library us that a large 
panel of human genes can be uidividuaily targeted without redim- 
dancy, and genes of constant transcription levels with post- 
translatiottal modiiications may be screened. 

The LC-antisens$ library system may provide a fester, more cost 
effective and analytically accurate tool for the study of fianaional 
genomics. It would be interesting to see if the LC-antisense molecules 
can also be used in animals as this would pokcntiaUy provide a uscfiil 

approach for in vivo functional gcnamic>i. 
METHODS 

CoRStrtiction of recombinant phagemids. Variftus recombinant phagamUls 
WCTC constructed according \o standard cloning proccdurc^^ WRT7/P3 eeUs 
(.1 K 10^) were, .seeded in «ch well of a 4S-wcn plar*. Rat TNf-a cxpr«!rion was 
Induced in the cdls l>y the tcentmcnt of LPS (Sigiwrt-Aldrich) at 30 jig^ml for 
4"J4 h. CcDs were harvested at desired time poiwft to examine the level, of 
«»BNA. The LPS incubiitJtio time that induced the highest cxpreaslofl level 
of TNF^at wa* choacn for fijrtbef cxpcramcnta. The RT-PCR fragment (708 bp) 
of TT^np-a that oompriiies the enbre coding sequence vrjs amplified with n p«ir 
of PGR ptimcB (5'-GATXX7TCGACG^«UACCACAGAAaGCATGATCC.3' 
and S^GATCGAATTCGICACAGAGCAATGACTCXrAAAG-.r) and sequence 
verified. Tb construct rjSJWx-IX:AS, the rat iNF-a cDNA ftegracnt was dnncd 
intft the multiple cloning site of the pBlucscript (pBS) KS(-) vector (Slrata- 
gme) usij!^ Sali and EcoK. ntttti^ion sita in the same direction as che iacZ 
gene C$ee Supplementary Fig. I oidinc). Control Sense molecules were 
enmfmcted sbnilarly. Likewise, cDK/V fiagmenH of the c-mye, cmyb, cdkZ 
and cdH ^tenes were ampFificd with a puir of PGR primen («ee Sirpptcracatary 
Table ] online) and donedl into the EcoHV .%\tc of pBS-KS {+) or (^) vector. 
The recombinam pha^tmids were tranirfif)rmed into Epkurian CoH Xlrl Bhie 
competent crfk (Stratagene) by the caldum-chlotide method, anniqg direc- 
tion of amplified cDMA fragment s were confirmed with both f«striction 
digestion and DNA se^juendng 
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Production and puriHcrtiiMi of chhcr LC-sntisciuc or eoncro) molecules. LC- 

antiscnsc or oontJtv} molecules to lai^ct genes were prodticcd by ovrmight 
culture of tfAi^focmcd bacterial ccQa that had pmrjowfy been mffcrted with 
helper hacrerioplMgei, jmd purified by gpl filtrattoo column chromaio^jraphy. 
These metliodt arc dc!:cribcd in detail in SupplemfiOUry Methods onimc 



Structural analfnlit ±nd ^hkKlity tost of LOantbcnm molecMlc^. Por structur- 
al anaIysU» 1 jig of TNJ^^-ICAS treated witli Xhol ()G U/^ig DNA), 
^qronucicasc in (160 U/^ig DNA). or Si nuclease (10 U/j^ DNA) at ?7 for 
g 3 h, and subjected to phcno) ertmctloiv cthanol pnrdpitatinn And ge} clcaro- 
£ phoresis on a 1% agarose ge]. For stability test, L ^g of the antl$«nsc molecules 
c WHS tested aJonc or after complex fonnadon with lipids at a ratio Of 1:3 (wt/wt) 
u of DNA/Jipid-t. We ddded $0% FBS that waa not heat inaaivatcd to the 
'5 antiscnsc-Itpids compfcjr And incub*rtcd it at 37 for varying periods of time 
•a for up to 48 h. After mcubtition whb f BS and cxonudeises. LC-nndscnsc rfas 
3 oaraacd vridi phennU predpitnted ivith cthanol and run Ati d \% RgnRoe gd. 
c 

*g Xransfcctioa of LC-anthenao And .«il^NA. "Itansfcction of LC-s^nt'rscnw: or 
8 %\WA was carried out to study the rtctivity of the LC-antijjense mnUeules. For 
g LC-anti«efl$« tmnsfcction, aJk were seeded on a ft-wd) (tor RPA away), 2a-wrfl 
5 (fnr faflJ-iim« PGR) or 4^wcll plate (for RT-PCR) m an appropriate Tolume of 

culture medjujn. Cotionjc lipids Lipofcctamine, Upofcctamine 2000 or lipi>- 
I fecRimine plus tcagcnts (Invitrogcn) v/ere mined yridi the purilied mol«oi)e$ in 
J vadcus ratios (wt/wt) for ttanarecfion itito target cdk Thcte lipld-DNA 
^ Complexes were nuzcd with Opti-MEM (InvitcoRcn} and add«d to ccDs 
£ ficoDzdIng to the manufncruter't pzotocoL After 6 h tra.fl$4«ctiOn at >7 "C. the 
Q_ ccDs were added with fresh mediuni and jncuhated Iwther for up to 48 h at 
g ^7 "C before asaayi. Eatprcttion of the Rat 7TVF-a gene wax induced whb LPS 
J treatment (30 Hg/m1) to WRTP7/P2 cell tTEoafcctants. Tb compate tbc effects of 
^ the LC-antiscnse raolecules, identi£:il quantities of Kpids alona and control 
JB, DNA plim lipid compjqjws wctc also added to the snmc number of celbi in a 

different well plate and .i«utycd simultancoualy. For siRNA tTunsfcction, cdla 
5 were seeded on a M-weill (for real-time PCR), or 96-wdI plate (for MTT 
£ redaction assiy) in an appropriate volume of culture medium. Cdfc2aiRNA 
<D (seaw sequence, 5'-GGUACCGAGCUCC UGAAAUCTT-J'j am«cnsc. S'-OAU 
3 UUCAGGAGCUCGGUACCrT-3;), ll-UiRNA (sense sequence, S'-C^IAGG 
^ CACUGGAGGAUAUUCTr-3'? antwen/ie, 5'-GAAUAUCCUCCAGUGCCUG 
^ CTT-y), ,ind ll-2siRNA [aznuc SKiuencc. 5'-GAAGCAAGAAAIIGAAGAAAC 
g TT-3'{ ani«cn*c> 5'-GUUlJCUUCAUUUCUUGCUUCTT-3') duplexes wcic 
^ synthcftlxed (Bionccr) and tnmsfccted into HcU orHcpG2 cdh ming $iPORT 
^ Lipid f Ambion) as recommend od by the manufacturer. To compare the efftct* 
gjjkof the ajRNA molecules* identical qunntitics of lipids alone and negative contml 
^Sm. 1 liRNA (Ambion) phjs lipid complexes were aUo rtddcd to the same 

number of cells in a different well pUtc and assayed .limultijn^usly. 



exposing to UV light. The membrane wun incubated with a streptsividin- 
horseradish penoxidose reagent before expcwune ro an X-ray ialm. 

Target gene acprcssioii was also measured by renl-dmc quantitative RT-.PCiL 
Total RNA ( 1 iig) was rcvcrac transcribed by using random primers .supplied in 
the Keveritc Transcription System (Promegjj), To quantify gene expt^sjion, 
cDNA of oikZ, crfH cdk6 and WGSL ) I genes were amplified by using 
jtspectlve pah of pn'mcrs (sec Supplementary Tftblc 3 online), the DyNAmo 
HS SYBR Green qPCR Kit (MJ Research), and the DNA Engine Oplic»jn 2 
System (M} Re«3txh) nccordiiiB to the manuficni net's instruction. To noiTDal- 
ize the amount of total RNA pjtscnt in teich reaction, P-ffrtfii gene wii? 
amplified simuHtincously. Triplicate Mssp were done with RNA .tnmples 
isolated from at 1ea$t two independent experiment^. 

Direction of polypeptldp» EUSA or western hlotling. Quantrficstion of 
ench taigct protein after TWot-LCAS, cdk2-lCAS, and cdkA-UCAS treatment 
was performed with the en^Tmc-linked immunosoH^t nssny (ELESA) or 
wottem blotting analyjiu (see Sitppkmcntary Methods online). 

^^T assay to ^ctcrmanc inhibithiB of eell sKvwth. Both LC-antifowc 
molecules {c-myh and a}k4 iCAS) and fdRNA to VW3SLI I were studied for 
their RTOwtli inhibitory effects using the MTT assay. Tbc MTT reagent (3-14.5- 
diincthylthia7.ol-2-yl|-a,5-diphcnyl-tetra7/)num bromide) fSigma-Aldiidi) 
was diluted wit!) FJiS to a concentration of S mg,fml. and 100 \tg of die diluent 
vias added to each well containing 100 jil culture nvedium. CeD* were main- 
tained in a CO?. Jncub<itor at 37 for 4 h and treated with en equal amount of 
isopmpanol (cont^ifting OAli HQ) at 2SX for I b. The cells were then mea- 
sured for abs^rbance at 570 nm with an EUSA reader, SpecCmMAX 190 
(Molectilar Devices). 

Constniaion of a unidrrccHonal subtracted Ihw cDNA library, lb clone 
diffctTcndaOy expressed gcnei In hcpstoblastomas* a cDNA lihtary was con- 
structed by using a subtraccivc hyhtridl«iiion pioccduir". The comhMCtion of 
the library is described in detail in Supplementary Methods online. 

Frcparatinii of 9 Hver cancer IC4ntlMn$£ lU^mty. Bacterial competent oelk 
oontaiQlng ccGombbianC pBS S1C(-} phivgemids were piaied OD Luria-Bertani 
agar pidtes containinf? 50 Mg/ml of dtnpicillin und 50 M^^ml of tettncydinc and 
incubated m 37 X for 16 h. Isolated ookintcs were aceded in a wdl of 96'dccp> 
weD plates containing 1.4 m) of 2xYT lic^uid medium (tryptonc 16 g, yeast 
extract 10 g, Naa 10 g per 1.000 mi) added with .10 (tg/ml amplcillin. Celb 
wen* cuhured for 7 h at 37 "C with vigoroua shaking. To produce LC-antiaerue 
molecules from each phagemid. iO iti of tbc bacterial culture was ttansfcrred to 
each wen pitfillcd widi 1.4 ml of fresh 2 xYT liquid medium containing 9 jil i>f 
helper hacteriopbagcs, M13K07 (New Englijid Biolabs). After 1 h incubation. 
4.2 jil of 70 ng/ml kanamycin vtm sodded and cultured at 37 *C for 12 li. The 
superinfection was carried out In triplicate for each clone to maximize the yield 
of antuense molcculci in a single purification step. Singlc-strsndcd LC- 
antuwnse wolccules were purifjed from the culture supernatant of bacterial 
cells using QJApiep 96 M13 Kit* aod QIAVAC vacuum roanifolda (Qiagcn) 
nocording to mnnulricturcr's instructions. To test both quantiCy and puHry, we 
ran purified UI-anH^cnsc molecules on a l % agarose gd along vdtb comrol T,0- 
tnolcculcs derived frc»m pBS SK(-) phagemid widiout a cPNA insert. 

thmsfection <rf on LC-antisense Ubrary into a Hvet cancer odl line. lb 
identiiy genes involved In the gmwrb of lircr cancer ccJFs, Upofcctamine 2000 
vvHS msccd with ttntiscnsc moleciiles of the Uvcr cancer-^ccific T-C-antisense 
library for ttsntfoction into HepG2. The cells (7x10^) vfcrc washed t*via: with 
Opd-MEM, seeded in each WeU of 96-wdl plates in 100 p\ of Opti-MEM 
supplemented with 10% FB5 and nscubated for I2-Ig h at 37 X bi a 5% CX^2 
incubator. LC-anti.«i»e mokculcs (0.1 >ig) wete complcxcd with OJ MB <rfthe 
cationie lipids, and the amiscDsc molecule plus Hpid complexes were added to 
the cultured cells. The Cultures wwe exchanged with fre«h medium 24 h after 
Cnnsfecrion and ineubated for 4 d ftirther. To compare the €^foct5 of the tC- 
.^ntiscnse molecules on cell pmlifotadon, wc abut added equal quantities of 
lipids alone and control DNA plus lipid complexes to <hc same nim^er of ceUa 
in a dlf?rn:nt 95- well pintc and assayed them sbnufcaneoosly. Control DNAwaa 
singlc-.^tcnndcd phage genomic DNA lacking a cDNA injert After the tfaiwfec- 
tten, mScms»Mp>c observation of MTT reduction ^ay was perfonncd to study 



Detection of tnrgct gene tranacr^. .Aitcr the transfcctton of LC-ontiscnse or 
siRNA, the change of target gene e»]>tt;ssion in mRNA level detected with 
RT-PCR. RPA. and real-time quantitative RT-PCR methods. RNA preparation 
was cairifid out with Tri reagent (Molecular Research Center) aecording to the 
protocol recommended by the manufticturer. Purified RNA wa.i .subjected to 
RT-PCR in a SO-jil reaction Tolnme by using the Acccsa RT-PCR kit (Prt>ni9ga) 
and n. thermal cyder (MT Re:9eaich) as recorranended by (he mami&Rureri A 
pair of primers was used to amplily ThfF-ou c-inyc, c-myb and WQSL S) genet 
(sec Supplementary Tvbic 2 online). PCR product was coftftnned on a 1% 
agprose gd, and quantitative analysis of the amplified DKA wa» performed wi0i 
Alphalmager 12)0, a gd documentation tipparatua (Alpha Innotcch). 

To investigate the eflcct of LC-antt$en5e molecule on the steady-state level oF 
cdk2 mRNA, RPA was carried out according to the instruction of the 
RiboQuanc Mulij-Probc RPA System (BD Fharmingen). Tbtal RNA was 
obtained from the tnmsfixtants at 24 h and 48 h after antiacnae or oJtttrol 
ticarmem. Tbc antiscnsc RNA probes were synthesized from an hCC-1 
template set (BD Pharmii^en) in the presence qf bjotin-16-UTP (Roche). 
The bietin-labdcd pmbes were hybridized in cskcss to 20 |ig total RNA in 
solution. Unprotected pmbes ^nd RNA were digested by RNases. Tbc RNA/ 
probe hybrids u-cre run on a denaturing polyaerybmide gd and then 
era nsfarcd onto a nylon membrane by a sani-dry Nottbig unit (FUhcr 
.Sdenti6c). Immobilized hy-bridf *»rcre efo.t.t-linkcd to the mcmbiiuic by 
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the cfifect of antiscnsc molecules on proliferation of canter cells a? described 
Abovt, The percentage of growth inhibition of cells in each well treated ivith 
tintii^nsc pluf bpids complex >vas calculated by comparing the optical d Mikity 
with thc«e of .<^>»i^Jn treitwents. using the following fonnulai 1 - (ab.«>rhftncfl rtf 
an experimentAF weH/jabsorbance of a sham control well) x 100. 

Gene idflitUicfldon and Mquenee motif KBrcfa. To identify i^nes compk^ 
rocntRTy to LC-antixnse moilcoites that inhibited prvlKcration of liver cancer 
ceTU. we se^nc^ tecombinimt phagcmids obtained by alkaline lysis from the 
y upstream of the (+) $lt»nd of cDNA inserts uain^ the T3 primer. Sequences 
of cDNA imtfti wem eompMed with those of the GenBink dAUtom, Poly- 
_ peptides deduced fmm cDKA. sequences were then scflTched Ihr :itrdno %dd 
•g motift using the PmfileScaft Smct (http://bits.isVaibxh/cgl-hin/PFSCAN). 
S 

^ IVefttment ^ PS Oxld-ccipFed A5-ol2go& Tn recoQflfm. the functional role of 
oj VfGSU I gci^c in the ccD proliferation of liver e:iiMxt, wc designed a acricA of PS 
g etid .japped AS-oligro fscc Supplementary TnWc 4 online) and tranjifect^ 
^ HepCi The pjoccduna are described irk dcuul bi Supptcancntary 
I Method^ online. 
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